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< 7 .1) We, Borg- Warner Limited, a 
British Company, of Letchworth, Hertford- 
shire, England, do hereby declare the in- 
vention, for which we pray that a patent 
n ?3 r t b ? granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

The present invention relates to a torque 
transmitting connection and a method of 
making such a connection. 

Conventionally, a torque transmitting con- 
nection between two rotatable parts is effec- 
ted by using a key on one member and a 
keyway on the other, or by using co-operat- 
ing splines on the two members. The use of 
co-operating splines is preferred since it 
provides a more positive connection which 
is less likely to fail The splines are usually 
produced by conventional machining or 
broaching, which may be effected on a pre- 
cast or forged blank. Hence the production 
of a splined conection can, from a manu- 
facturing point of view, give rise to con- 
siderable expense. 

It is an object of the present invention 
to overcome this difficulty. 
• According to the present invention there 
is provided a method of making a torque 
transmitting connection between two annu- 
lar sheet metal parts each having an axially 
extending portion comprising the steps of 
(1) forming a series of axially extending 
tooth-like or spline-like indentations in said 

n^ y ^ X ? ndi ? g portion of one of said 
' f ? rmu, 2 » serie s of tooth-like or 
spline-like indentations in said axiallv ex- 
tending section of the other of said parts, 
and (3) assembling said parts together, said 
indentations on each being interengaged to 
neSon SpIme " Iike torc * ue traiismittin| con- 

th? t Zl? ably '*£ tooth *te indentations on 
the other part have a tooth depth greater 
than the thickness of the sheet metal 



With the method of the invention, a 
robust construction may be provided at 
considerably less expense than with a con- 
ventional method of making a torque trans- 
mitting connection. The tooth-like indenta- 
tions are preferably produced by a com- 
bined drawing and shearing sheet metal 
operation The shearing of the sheet metal 
permits the tooth depth of the indentations 
to be greater than the thickness of the 
metal. 

The method of the present invention is 
particularly applicable to the construction 
of a transmission mechanism such as is 
utilized in an automatic gear box. Thus 
according to a further aspect of the inven- 
tion, there is provided a transmission mech- 
anism including axially displaced first and 
second gear elements, a first sheet metal 
element connected to one of said gear ele- 
ments having an axially extending portion 
thereon having a series of spline-like in- 
dentations formed therein, a second sheet 
metal element connected to the other of 
said gear elements and having an axially 
extending portion thereon havins a series of 
axially extending spline-like indentations 
formed therein for interengagement with 
the aforesaid indentations such that a torque 
transmitting connection is formed between 
said gear elements through the medium of 
said sheet metal elements. 

With such a construction, a series of aper- 
tures may be formed in one of the sheet 
metal elements around the circumference 
thereof, these apertures being adapted to be 
engaged by a stationary element and thereby 
act as a parking brake for the transmission 
mechanism. 

In order that the invention may more 
readily be understood, the following des- 
cription is given, , merely by way of example, 
with reference being made to the accom- 
panying drawings, in which: — 

Figure 1 is a schematic cross-section 
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through one embodiment of automatic trans- 
mission incorporating the connection of the 
present invention; 

Figure 2 is a cross-section on the line 
5 II — II of Figure 3 of the middle planetary 
carrier assembly utilized in the transmission 
of Figure 1; 

Figure 3 is an end view of the assembly 
of Figure 2; 

10 Figure 4 is an end view of the second 
annular sheet metal member of the con- 
nection utilized in the construction of Figure 

l; 

Figure 5 is a section through the member 

15 of Figure 4, showing its connection to the 
output shaft of the transmission; and 

Figure 6 is a schematic enlarged cross- 
sectional view of the parking pawl assembly 
utilized in the transmission of Figure I. 

20 Referring first to Figure I. there is illus- 
trated one embodiment of transmission 10 
according to the invention. This comprises 
an input shaft 12, and first and second 
clutches CI and C2. The output drum of 

25 the first clutch CI drives the sun gear of 
an epicyclic gear set X by means of a 
shaft 14. The output of the second clutch 
C2 drives a shaft 16, which in turn drives 
the sun gear of an epicyclic gear set Y 

30 and that of a further epicyclic gear set 
Z. Shaft 16 is a hollow shaft concentric 
and coaxial with shaft 14, the shaft 14 being 
partly disposed within shaft 16. 

The output shaft 18 of the transmission 

35 is welded to a planet carrier 20 of the gear 
set X. The brake B3 is arranged selectively 
to lock the output drum of the second clutch 
C2, and thus to lock the sun gear of the 
gear sets Y and Z. The second brake B4, 

40 when engaged, locks the planet carrier 22 
of the gear set Z. The annulus of the gear 
set X is connected by a one-way or sprag 
clutch F to the transmission case. A third 
brake B5 is also connected to annulus of 

45 gear set X. Mounted on the output shaft 
18 is a governor G which controls in co- 
operation with a valve assembly, indicated 
by the general reference numeral H, the 
operation of the various clutches and 

50 brakes. Details of the operation do not 
form part of the present invention, and it 
is believed that further details of this and 
of the construction of the various brakes 
and clutches is not necessary in this Speci- 

55 fication. 

Referring now to Figure 2, tnere is illus- 
trated the ring gear or annulus 24 of the 
gear set Z. This component is also shown 
in Figure I. Secured, as for example by 

60 welding, to the annulus 24 is a sheet metal 
planet carrier 26 for the gear set Y. Also 
secured, as for example by welding, to 
the annulus 24 is an annular sheet metal 
cup-shaped member 28, having an axially 

65 extending portion 30 formed with axially 



extending indentations 32. These extend 
from the—free edge 34 of the member 28 
axially inwardly a distance which is only 
a part of the total axial length of the 
axially extending portion 30. Formed be- 70 
tween the indentations and extending in that 
portion which is not formed with indenta- 
tions are a plurality of openings or aper- 
tures 36. 

Indentations 32 are formed by a com- 75 
bined shearing and drawing process such 
that a shearing takes place forming the 
edge 31 at the inner terminus of the in- 
dentations 32. Due to the shearing the 
tooth depth shown as 4ft D" in Figure 3 may 80 
be greater than the metal thickness "d". 
The greater tooth depth thus obtained pro- 
vides for transmission of larger torques 
than would be possible with lesser tooth 
depths. %5 

The planet carrier 26 has welded thereto 
a sheet metal spacer member 38 which has 
axially extending tangs 39 formed thereon. 
These tangs have welded thereto a sup- 
port plate 40, the support plate spacer 90 
member 38 and planet carrier 26 being 
formed with four apertures, each of which 
receives the shaft 41 for one of the planet 
gears 42. The shaft 41 is locked in posi- 
tion by staking or deforming the spacer 95 
member 40 and the carrier 26 adjacent 
each shaft 41, in a manner which need not 
be discussed in detail in this Specification. 
Rotation of the pinions 42 is ensured by 
needle bearings 43 and by bearing discs 100 
44 located between the pinions and the 
spacer member 38 and the support plate 
40. 

Referring again to Figure 1, it can be 
seen that the indentations 32 on the mem- 105 
ber 28 co-operate to provide a torque trans- 
mitting connection, with similar indenta- 
tions 46 on a further cup-shaped annular 
sheet metal member 48. Further details 
of this member 48 will be apparent from 110 
Figures 4 and 5, from which it can be seen 
that the member 48 has a radially extending 
portion 50 and an axially extending portion 
52 on which the indentations 46 are 

formed. L ' u 

The indentations 32 in the member 26. 
and the indentations 46 in the member 48 
are both capable of being formed by a 
combined drawing and shearing operation 
on a sheet metal blank. . ... ♦ 

Secured, as for example by welding, to 
the radial wall 50 in a spacer member 54, 
having spaced apart axially extending tangs 
56 formed thereon, these tangs engaging in 
peripheral slots 57 formed in the periphery 125 
of a disc 58, which in turn is secured, as 
for example by electron beam welding, to 
the output shaft 18. Corresponding axial 
holes' 60 arc formed Jin the disc 58, the . 
spacer 56. and the radial wall 50 to accom- 130 
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modate the shafts of corresponding pinion 
gears which are assembled in a similar man- 
ner to the pinion gears 42 of the gear set 
Y. These pinion gears form the planet 
5 gears of the gear set X. 

^ ^ appreciated that the free edge 
62 of the annular member 48 is located 
entirely within the axially extending wall 
of the sheet metal member 28. with the two 

10 sheet metal annular members 28. 48 being 
m face-to-face relationship* The co-opera- 
tion of the spline like indentations 32 and 
46 ensures a torque transmitting connection 
between the members 28 and 48. 

15 As indicated previously, the member 28 
is provided with a series of circumferentially 
spaced openings or apertures 36. Referring 
now to Figure 6 of the drawings, there is 
illustrated the parking pawl assembly of the 

20 transmission. This comprises a lever 64, 
which is pivoted on a pin 66. mounted on 
the casing 68 of the transmission. The arm 
64 is urged in a generally counterclockwise 
direction, as illustrated in Figure 6, by 

25 means of a coil torsion spring 70, for ex- 
ample. On its upper surface, the' arm 64 
is provided with a tooth or pawl 72, the 
size of which is about half that of the 

™ ^ iai ? eter of the openings or apertures 36 

JO in the member 28. Near its free end. the 
arm 64 is provided with a cam surface 74, 
which engages a tapered camming mem- 
ber (not shown), which is linked to the 

oc S? nual select °r ^ver of the transmission. 

35 Thus, when the park condition of the trans- 
mission is selected, the cam (not shown) 
engages the cam 74 and rotates the arm 
64 in a clockwise direction, as viewed in 
Figure 6, about the pivot 66 against the 

40 action of the spring 70, so that the tooth or 
pawl 72 is engaged in one of the openings 
or apertures 36. This has the effect of 
locking the member 28, and therefore the 
member 48, so that the output shaft 18 of 

45 the transmission is also locked. 

With regard t<5 the operating conditions 
of the transmission, the following table in- 
dicates which clutches and brakes have to 
engage to achieve the various ratios. 
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1st Gear 
2nd Gear 
3rd Gear 
4th Gear 
55 Reverse 



CI C2 B3 B4 B5 F 
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X X 
X 
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WHAT WE CLAIM IS: — 
L A method of making a torque trans- 
mitting connection between two annular 
sheet metal parts each having an axially ex- 
60 tending portion comprising the steps of (1) 
forming a series of axially extending tooth- 
like indentations in said axially extending 
portion of one of said parts, (2) forming 



a series of tooth-like indentations in said 
axially exteading^seoion of the other of 65 
said parts, and (3) assembling said parts 
together, said indentations on each being 
interengaged to make a spline-like torque 
transmitting connections. 

2. A method as claimed in claim 1, 70 
wherein said tooth-like indentations in said 
other part have a tooth depth greater than 

the thickness of said sheet metal. 

3. A method of making a torque trans- 
mitting connection between two annular 75 
sheet metal parts comprising the steps of 

(1) forming a series of axially extending 
tooth-like indentations in an axially extend- 
ing section of a first part by a sheet metal 
drawing operation, (2) forming a series of 80 
tooth-like indentations in an axially ex- 
tending section of a second part by a com- 
bined drawing and shearing sheet metal 
operation, said indentations having a depth 
greater than the thickness of said sheet 85 
metal, and (3) assembling said two parts 
together, said indentations on each being 
interengaged to make a spline-like torque 
transmitting connection, 

4. A method as claimed in claim 3 in- 90 
eluding the further step of forming a series 

of apertures or openings in spaced relation 
around the circumference of said axially 
extending portion of said second part, said 
apertures being adapted to be engaged by a 95 
stationary member to hold said part 
stationary. 

5. A transmission mechanism including 
axially displaced first and second gear ele- 
ments, a first annular sheet metal element 100 
connected to one of said gear elements hav- 
ing an axially extending portion thereon 
having a series of axially extending spline- 
like indentations formed therein, a second 
annular sheet metal element connected to 105 
the other of said gear elements and having 

an axially extending portion thereon having 
a series of axially extending spline-like in- 
dentations formed therein for interengage- 
ment with the first said indentations to form 110 
a torque transmitting connection between 
said gear elements through the medium of 
said sheet metal elements. 

6. A transmission mechanism as claimed 

in claim 5 wherein a series of apertures is 115 
formed in one of said sheet metal elements 
extending around the circumference thereof 
adapted to be engaged by a stationary ele- 
ment and thereby act as a parking brake 
for said transmission mechanism. 120 

7. A transmission mechanism as claimed 
in claim 6, wherein said axially extending 
portion has a free end and said axially ex- 
tending indentations extend in axial direction 
inwardly over only a part of said axially 125 
extending portion from .said free end, and 
wherein said apertures are formed in the re- 
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mainder of said axially extending portion and 
between said indentations. 

8. A transmission mechanism as claimed 
in claim 6 or 7, wherein said gear elements 
5 and said annular sheet metal elements are 
mounted for rotation within a casing and 
wherein said stationary element comprises a 
parking pawl formed on an arm pivoted to 
said casing. . 

10 9. A transmission mechanism as claimed 
in any one of claims 5 to 8 including a 
plurality of planetary gear sets, said first and 
second gear elements each being a member 
of one of said gear sets, and said torque 

15 transmitting connection being arranged to 
transfer torque between said gear sets. 

10. A transmission mechanism as 
claimed in claim 9 including an output shaft 
and wherein one of said gear elements is con- 

20 nected to said output shaft. 

11. A transmission mechanism as claimed 
in ciaim 10, wherein said second annular 
sheet metal element comprises the planet 
gear carrier of one of said planetary gear 

25 sets and wherein said second annular sheet 
element is connected to said output shaft. 

12. A transmission mechanism as claimed 
in claim 11. including a disc welded or 
secured to said output shaft and provided 

30 with peripheral slots and a sheet metal inter- 
mediate member welded or secured to said 
second annular sheet metal element, and 
axially extending tangs on said sheet metal 
intermediate member engaged in said pen- 

35 pheral slots. . 

13. A transmission mechanism as claimed 



in any one of claims 5 to 12, wherein said 
first and second annula r s heet metal elements 
are cup-shaped members each having an 
axially extending portion terminating in a 40 
free end, and wherein the cup-shaped mem- 
bers are assembled in face to face relation 
with the free end of one cup shaped member 
within the other cup-shaped member. 

14. A transmission mechanism including 45 
axially displaced first and second gear ele- 
ments, a first annular sheet metal element 
connected to one of said gear elements and 

a second annular sheet metal element con- 
nected to the other of said gear elements, 50 
means interconnecting said first and second 
annular sheet metal elements to provide a 
torque transmitting connection, and a series 
of apertures in one of said sheet metal ele- 
ments extending around the circumference 55 
thereof adapted to be engaged by a stationary 
element and thereby act as a parking brake 
for said transmission mechanism. 

15. A method of making a torque trans- 
mitting mechanism substantially as herein- 60 
before described with reference to the accom- 
panying drawings. 

16. A transmission mechanism construc- 
ted and arranged substantially as herein- 
before described with reference to the accom- 65 
panying drawings. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14 South Square, 
Gray's Inn, London, W.C.1. 
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